Trace metals (Pb, Cd, Ni, Fe, Cu, Zn and Mn) were assessed using Atomic Absorption Spectrophotometry (AAS) in 32 commonly consumed cocoa products (chocolates) prepared by different national and multinational companies. Microelement contents studied varied significantly in all type of chocolates (P < 0.01). The concentrations of Pb and Cd in cocoa powder were found to be highest, 1400 and 190 μg/L respectively, whereas mean concentrations of these elements in cocoa-based chocolates were found to be 306 and 46.4 μg/L respectively. In sugar-based chocolates, the mean concentrations of Pb and Cd were 209.8 and 40.7 μg/L, respectively, whereas in samples of milk-based chocolates they were found to be 88 and 33 μg/L respectively. Frequent consumption of chocolates enhances the intake of Pb and Cd metals in children. Weekly intake of toxic metals Pb, Cd and Ni were also calculated. Mean concentrations of Pb and Cd were found below the provisional tolerable weekly intake as defined by FAO/WHO. All essential elements were assessed for their weekly intake with the dietary reference intakes (DRI), whereas the percentage contributions of Pb and Cd were calculated from provisional tolerable daily intake (PTDI). Results were validated through the analysis of certified reference materials and determined metals concentrations were in good agreement with certified levels. Data was interpreted through cluster analysis and pattern recognition.
Introduction
Chocolate products are among the most commonly purchased and globally inspired items. In addition to being heavily advertised to children (most targeted population), they are also used in a variety of foods recipes, especially cakes, tarts and cookies. Chocolate is composed of solid particles, whose normal solid concentration is about 60 to 70% sugar, cocoa and milk. Beside these main solid constituents, other ingredients like hydrogenated vegetable oil, salts, buffering agents, permitted emulsifier and cocoa butter could be source of metals, (Ciurea and Lipka, 1992) . As chocolates and cocoa powder are consumed all over the world, consumers are usually concern not only about their nutritional status but for its health safety viewpoint as well.
Essential trace metals are beneficial when present below the limit of tolerance, but can be toxic if taken in excess. This transition between essentiality and toxicity varies from element to element. Substantial evidence supports the importance of trace elements in human nutrition. These trace elements play a crucial role in various biochemical functions of the body as some of these forms are integral enzyme cofactors.
The possibility of the presence of lead (Pb) and cadmium (Cd) in chocolate is a matter of health consideration because the chemical composition of cocoa allows strong binding of Pb and Cd, as discussed by Valiente et al (1996) . The presence of Pb and Cd in chocolate products could be natural or due to processing (Dahiya et al., 2005; Lee and Low, 1985; Rankin et al., 2005) . These can be absorbed directly by the theobroma (cocoa tree), can be introduced during the preparation process or result from contamination via utensils, environmental pollution or transportation and storage, but, regardless, they may be found in the final product (Mesallam, 1987) .
The American Environmental Safety Institute (AESI) claimed that the chocolate manufacturers neither take appropriate measures to remove potentially dangerous levels of lead and cadmium from their chocolate products nor notified consumers of their health risks (BBC NEWS, 2002) . On the contrary, world chocolate manufacturers have dismissed claims that their products pose any health hazard due to Pb and Cd (BBC NEWS, 2002) . Chocolates are also considered an important source of nickel as discussed by Smart and Sherlock (1987) , as this element is used as catalyst in hydrogenation process. Moreover, cocoa butter that is used in chocolates may also contain nickel (Dahiya et al, 2005) . Ni contamination in chocolates could also be due to the type of containers used for storage and transportation (Mesallam, 1987) .
Analysis of copper contents in chocolate is also important since copper compounds are widely used as fungicides in the farming of cocoa (Dos Santos et al, 2005) . Copper in the human body plays a role in the mobilization of tissue iron and the formation of mitochondrial heme (Lucia et al, 2005) . Iron, Mn and Zn are amongst the most important nutrient elements for humans and are also important for a strong immune system (McCall et al., 2000) , therefore it is important to determine their concentrations in chocolate samples for nutritional adequacy.
As chocolate matrix is very complex and has high levels of organic compounds very specific digestion method that restricts the losses of the analyte of interest but doesn't introduce any contamination is very important. In this study, the wet digestion method was used, followed by analysis with Atomic Absorption Spectrophotometry of chocolate samples. This study identified not only the levels of toxic and essential metals in chocolate samples but also discusses the Dietary Reference Intake (DRI) and the percentage contribution of observed elements in chocolate samples for nutritional adequacy. Provisional tolerable daily intake (PTDI) for Pb and Cd has also been calculated.
Method and Materials

Instrumentation.
The Hitachi model Z-2000 polarized Zeeman Atomic Absorption Spectrophotometer was used in this study. Two modes of atomization, graphite furnace AAS (GFAAS) and flame AAS (FAAS) were used. The former was required for the determination of Pb, Cd and Ni while Fe, Mn, Cu and Zn were measured by the latter. In AAS (GFAAS), argon was used as an inert purging gas up to 100 ml min -1 during dry charring and cleaning stages while its flow was interrupted during the atomization stage. The absorption signal during atomization step was recorded as a peak height. A water-cooled premix, fishtail type burner having a 10 x 0.05 cm 2 slot was used for the air-acetylene flame in flame atomic absorption spectrometer (FAAS). The monochromator in the Z-2000 spectrophotometer is equipped with a diffraction grating having 1800 grooves/mm. The focal length of the monochromator is 450mm and provides a dispersion of 1.2nm/mm. The spectral range of the instrument is from 190 to 900 nm with a provision of four slit widths with spectral band passes of 0.09, 0.2, 0.4 and 1.3 nm. Pb, Cd and Ni were determined using the operating conditions and heating program employed by GFAAS whereas instrumental parameters of FAAS were used for the rest of the elements.
Reagents and solutions
The concentrated acids HClO4 and HNO3 (Merck, Germany) used were of analytical grade. Stock standard solutions (1000 ppm) of Cu, Cd, Mn, Fe, Pb, Ni and Zn were used in preparing subsequent calibration curves after serial dilutions.
Sampling
Samples were randomly collected from the open market. After sample collection, information relevant to nutritional composition, ingredients, weight, manufacturer and country of origin were recorded. The chocolate samples were categorized first with respect to their composition as milk, sugar and cocoa-based and with respect to the manufacturer's origin as national or multinational.
Sample Preparation
Complete mineralization of the sample is the fundamental requirement for accurate spectrometric analysis. Acids like HNO3 and HCLO4 were found to be the most suitable acids for the wet digestion of chocolates. An appropriate amount of chocolate sample (500 mg approx) was weighed and transferred to a 100 mL digestion flask fitted with a 30 cm long air condenser. 5 mL of HNO3 (65%) was added. The content was heated at 70°C for an hour. After cooling it at room temperature 1.5 mL HClO4 (70%) was added and heating prolonged at 240°C until white fumes were produced (Fatima and Rahman, 2009) . Clear solution was transferred to 10 mL volumetric flask and made up to mark with deionized water. Samples were analyzed in triplicate.
Statistical analysis of data
Experimental data was analyzed statistically using the multivariate cluster analysis (CA) technique (Shittu and Badmus, 2009) CA is a powerful method of data analysis that can accomplish the goal of pattern recognition (Richard, 1993) . It was introduced primarily by biologists to establish a relationship between organisms. It is a well-established approach to visually identify samples of similar type, where clustering is represented by dendrograms (Vandeginste et al, 1998) .
The results of cluster analysis performed on the data using Euclidean distances as a measure of similarity with ward linkage are presented in Fig. 1 . It predicts six clusters: Cluster 1: C1, C18, C24, C13, C9, C22 Cluster 2: C4, C10, C7, C25, C21 Cluster 3: C2, C31, C17, C20, C32, C6, C15, C29 Cluster 4: C3, C12, C19, C8, C23 Cluster 5: C5, C16, C11, C28, C14, C26, C27 Cluster 6: C30 Chocolate samples
Fig 1. Cluster analysis using Euclidean distance as a measure of similarity with ward linkage
It is observed that the cluster analysis cannot differentiate chocolate samples on the basis of their types, e.g., milk, sugar and cocoa. But this elemental variation is supposed to be due to some additional sources, like individual preparing process, composition of raw materials, packaging materials and some other additional ingredients. The chocolate samples present in Cluster 1 and Cluster 3 contain relatively high level of toxic metals (Pb, Cd and Ni), while the samples present in Clusters 2, 4 and 5 have lower concentration. Cluster 6 contains only single sample (cocoa powder), it indicates that its composition is different from the rest of the samples and also that it has the highest concentration of Pb and Cd.
Results & Discussion
The limits of detection (LOD) and quantification (LOQ) for all the elements analyzed in the chocolate samples were calculated as the blank signal plus three or ten times, respectively, its standard deviation (Currie, 1999; Rehman et al., 2011) , employing the optimized instrumental conditions stated in Table 1 and Table 2. C -3 0 C -2 7 C -2 6 C -1 4 C -2 8 C -1 1 C -1 6 C -5 C -2 3 C -8 C -1 9 C -1 2 C -3 C -2 9 C -1 5 C -6 C -3 2 C -2 0 C -1 7 C -3 1 C -2 C -2 1 C -2 5 C -7 C -1 0 C -4 C -2 2 C -9 C -1 3 C -2 4 C -1 8 C -1 Table 4 lists the average concentrations of metals in the aforementioned categories of chocolates with their respective ingredients. The highest concentration of Pb was detected in cocoa-based chocolates. Cocoa beans contain plenty of carbohydrates in the form of soluble starch and insoluble dietary fibers, so these could be the probable source of Pb (Valiente et al., 1996) . The mean concentration of Cd in all three varieties of chocolate samples was in the range of 33.1-46.4 µg kg -1 , which we attribute to Cd in raw cocoa beans possibly being high (Lee and Low, 1985) . According to the American Environmental Safety Institute (AESI),the concentrations of Pb in chocolate products is between 0.002-0.105 mg kg -1 , whereas Cd is between 0.002-0.136 mg kg -1 , that is around two times below the legally admissible values defined at the level of individual countries (American Environmental Safety Institute-Fact Sheet, 2002) . The quantified Pb, Cd, Ni and Fe concentrations are highest in cocoa-based chocolates compared to milk and sugar-based chocolates. The nutritional status of chocolates with respect to Fe was found to be excellent, as its mean concentration in all the distinct varieties of chocolates studied was high, varying from 28 to 32 mg kg -1 . The levels of Mn, Cu and Zn were found to be directly related to the content of milk. Henceforth, they were higher in milk-based chocolates. Teams from the Federal University of Santa Maria in Brazil deemed chocolate as an extremely rich source of many essential minerals and it said that cocoa is the best natural food source for Fe and Zn and hence contributes to a healthy diet (Ieggli et al., 2011) .
All chocolates characterized in this work have also categorized according to their manufacturers, i.e. National (N) or Multinational (MN). The levels of determined toxic and essential metals in these two categories are presented in Fig. 2 . Pb is significantly high in national brands of chocolates as compared to multinational ones. It is also evident from Fig. 2 , 2006) and by the legislation of some European countries respectively Dahiya et al.(2005) .The maximum tolerable levels for Cd has been set by different countries in their reports (0.4 mg kg -1 in Germany, 0.5 mg kg -1 in Finland and Central European countries) Satarug et al. (2000) and 1.0 mg kg -1 in Malaysia as reported by Lee and Low (1985) . Cocoa powder, if taken on routine basis, could be harmful for health. Based on the findings, it is suggested that control of contamination during the preparation process and proper selection of raw materials by chocolate processing companies can minimize the presence of toxic metals in their products. A global comparison of elemental concentrations determined in chocolate samples in this study is presented in Table 5 ( Dahiya et al., 2005; da Silva et al., 2006; Dos Santos et al., 2005; Guldas et al., 2008; Lee and Low 1985; Ieggli et al., 2011) . (Welz, 1999) . 
Conclusions
The AAS technique has been successfully employed here for the determination of essential and toxic metals in a complex matrix like chocolate. In chocolates, the mean concentrations of Pb, Cd, Ni and Fe were found to be higher in cocoa powder and cocoa-based products than in milk and sugarbased chocolates. The frequent use of cocoa-based chocolates and confectionaries containing cocoa powder should be reduced, otherwise intake of lead and cadmium will cross the limits prescribed by the US. Raw materials should properly be handled and if necessary be assessed for metal contents before use. These research findings will hopefully create consciousness towards frequent utilization of chocolates.
